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6\VWHPV�$SSOLFDWLRQV�,QWHUQDWLRQDO��,QF�

1XPHURXV�DQDO\VHV�KDYH�EHHQ�GRQH�GHPRQVWUDWLQJ�WKH�R]RQH�HTXLYDOHQF\�RI�JDVROLQHV�EOHQGHG�DW

URXJKO\�WKH�VDPH�YROXPH�RI�HLWKHU�HWKDQRO�RU�07%(���:KLOH�HWKDQRO�EOHQGV�PLJKW�OHDG�WR

JUHDWHU�HYDSRUDWLYH�HPLVVLRQV�WKDQ�07%(��WKH�HWKDQRO�UHODWHG�HPLVVLRQV�FDQ�EH�ORZHU�LQ

UHDFWLYLW\�DQG�ZLOO�SURYLGH�JUHDWHU�FDUERQ�PRQR[LGH�UHGXFWLRQV���8QIRUWXQDWHO\��WKHVH�DUH

EHQHILWV�WKDW�DUH�IXOO\�DSSUHFLDWHG�RQO\�ZKHQ�DVVHVVLQJ�KRZ�R]RQH�LV�XOWLPDWHO\�IRUPHG�LQ�WKH

DWPRVSKHUH��VXFK�DV�LQ�XUEDQ�DLUVKHG�PRGHOLQJ�VWXGLHV����7KHVH�EHQHILWV�DUH�QRW�HDVLO\

UHFRJQL]HG�ZKHQ�FRPSDULQJ�MXVW�YHKLFOH�HPLVVLRQV���7KLV�$:KLWH�3DSHU#�SURYLGHV�D�IUDPHZRUN

IRU�UHFRQFLOLQJ�WKH�LQFUHDVHG�HPLVVLRQV�UHVXOWLQJ�IURP�HWKDQRO�EOHQGHG�JDVROLQHV�ZLWK�WKH�ORZHU

UHDFWLYLW\�DQG�FDUERQ�PRQR[LGH�HPLVVLRQV�HIIHFWV�HWKDQRO�ZLOO�KDYH�LQ�WKH�DWPRVSKHUH���7KH

DQDO\VHV�SUHVHQWHG�KHUH�VKRZ�WKDW�D�VLJQLILFDQW�RIIVHW�IRU�HWKDQRO V�LQFUHDVHG�HYDSRUDWLYH

HPLVVLRQV�FDQ�EH�IRXQG�LQ�LW V�LQFUHDVHG�R[\JHQ�FRQWHQW�DQG�UHGXFHG�UHDFWLYLW\���,Q�IDFW��WKH

GLIIHUHQFHV�LQ�R]RQH�IRUPLQJ�SRWHQWLDO�RI�HWKDQRO�DQG�07%(�JHQHUDOO\�DUH�VHHQ�WR�EH�VPDOO

UHODWLYH�WR�H[LVWLQJ�VWDQGDUGV��

%DFNJURXQG

(WKDQRO�LV�DQ�DOWHUQDWLYH�R[\JHQDWH�WR�07%(�IRU�XVH�LQ�&DOLIRUQLD�&OHDQHU�%XUQLQJ�*DVROLQH

�&%*���EXW�LW�KDV�VRPH�SURSHUWLHV�WKDW�DUH�GLIIHUHQW�IURP�07%(���)URP�WKH�VWDQGSRLQW�RI

RFWDQH�DQG�GULYHDELOLW\�SURSHUWLHV��VLPLODU�YROXPHV�RI�HWKDQRO�FRXOG�EH�XVHG�LQWHUFKDQJHDEO\�LQ

WKH�H[LVWLQJ�&%*�SURJUDP�RWKHU�WKDQ�WKH�QHHG�IRU�WHUPLQDO�EOHQGLQJ���+RZHYHU��VXFK�HWKDQRO

EOHQGV�ZRXOG�KDYH�QHDUO\�WZLFH�WKH�IXHO�R[\JHQ�FRQWHQW�RI�WKH�07%(�EOHQGV��DQG�WKHVH�HWKDQRO

EOHQGV�FRXOG�KDYH�DV�PXFK�DV�D���SVL�KLJKHU��5HLG�YDSRU�SUHVVXUH��593�YRODWLOLW\�XQOHVV�WKH

EDVH�FOHDU�JDVROLQHV�ZHUH�SUH�DGMXVWHG�WR�DFFRPPRGDWH�WKLV�YRODWLOLW\�SURSHUW\�RI�HWKDQRO���,I

WKH�YRODWLOLW\�ZHUH�IXOO\�DGMXVWHG��WHVWV�KDYH�VKRZQ�WKDW�WKH�H[WUD�R[\JHQ�LQ�WKH�HWKDQRO�FDQ

UHGXFH�H[KDXVW�HPLVVLRQV�RI�FDUERQ�PRQR[LGH��&2��DQG�YRODWLOH�RUJDQLF�FRPSRXQGV��92&��

HVSHFLDOO\�IRU�KLJKHU�HPLWWLQJ�YHKLFOHV���7KDW�LV��VZLWFKLQJ�WR�HWKDQRO��DW�HVVHQWLDOO\�HTXDO

YROXPH��ZLWK�D�YRODWLOLW\�DGMXVWPHQW�FRXOG�LPSURYH�DLU�TXDOLW\�FRPSDUHG�WR�WKH�SUHVHQW

XWLOL]DWLRQ�RI�07%(���/LNHZLVH��WKHUH�DSSHDUV�WR�EH�VRPH�OHYHO�RI�YRODWLOLW\�SUH�DGMXVWPHQW�IRU

XVLQJ�HWKDQRO�WKDW�ZRXOG�DFKLHYH�VRPH�IRUP�RI�DLU�TXDOLW\�HTXLYDOHQFH�WR�07%(�LQ�WKH�H[LVWLQJ

&%*�SURJUDP�

(VWLPDWLRQ�RI�D�YRODWLOLW\�DGMXVWPHQW�ZKHUH�R[\JHQ�UHODWHG�H[KDXVW�UHGXFWLRQV�QHXWUDOL]H

YRODWLOLW\�LQFUHDVHV�FDQ�EH�YHU\�FRPSOLFDWHG���$Q\�DLU�TXDOLW\�$QHXWUDOLW\#�EHWZHHQ�HWKDQRO�DQG

07%(�PXVW�DOVR�EH�GHILQHG�WKURXJK�DYHUDJHV�LQ�WLPH�DQG�VSDFH��EHFDXVH�ORFDO�LPSDFWV�ZLOO�YDU\

GXH�WR�QRQ�OLQHDU�DQG�PXOWLSOH�SUHFXUVRU�HIIHFWV��7KH�&DOLIRUQLD�&%*�SURJUDP�LV�GLUHFWHG



�

PDLQO\�DW�SKRWRFKHPLFDO�VPRJ�DEDWHPHQW�IRFXVLQJ�RQ�WKH�92&�DQG�12
[
�SUHFXUVRUV��EXW�VPRJ

IRUPDWLRQ�LQYROYHV�PDQ\�SUHFXUVRU�FDWHJRULHV�WKDW�DUH�QRW�HTXDOO\�DIIHFWHG�EHWZHHQ�IXHO�R[\JHQ

DQG�YRODWLOLW\���0RUHRYHU��&2�LV�D�UHFRJQL]HG�SUHFXUVRU�WR�XUEDQ�R]RQH��RU�VPRJ��WKDW�DSSHDUV

WR�EH�JURZLQJ�LQ�LPSRUWDQFH�UHODWLYH�WR�92&���)RU�H[DPSOH��WKH�QHZHVW�&DOLIRUQLD�/(9�,,

UHJXODWLRQV�DOORZ�&2�WR�92&�HPLVVLRQV�UDWLRV�RI�XS�WR�����WR���HYHQ�WKRXJK�WKH�R]RQH�IRUPLQJ

SRWHQWLDO�RI�&2�LV�RQO\�DERXW����WR���UHODWLYH�WR�H[KDXVW�92&���$V�D�FRQVHTXHQFH�RI�VXFK

HPLVVLRQV�UDWLRV��WKH�FDUERQ�PRQR[LGH�IURP�VXFK�YHKLFOHV�FDQ�JHQHUDWH�PRUH�XUEDQ�R]RQH�WKDQ

WKHLU�H[KDXVW�92&�HPLVVLRQV�

7KH�8�6��(3$�DQG�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG��$5%��FXUUHQWO\�OLVW�PDQ\�VRXUFHV��RU

VHSDUDWH�FDWHJRULHV��RI�YHKLFOH�HPLVVLRQV��H[KDXVW��IURP�WKH�WDLOSLSH���UHIXHOLQJ��IURP�VSLOODJH

DQG�YDSRUV���UHVWLQJ�ORVVHV��SULPDULO\�VHHSDJH�IURP�WKH�IXHO�V\VWHP���UXQQLQJ�ORVVHV��RWKHU�WKDQ

WKH�WDLOSLSH���GLXUQDO��SULPDULO\�YDSRUV�UHOHDVHG�GXH�WR�GDLO\�FKDQJHV�LQ�DPELHQW�WHPSHUDWXUH��

DQG�KRW�VRDN��SULPDULO\�YDSRUV�UHOHDVHG�DIWHU�GULYLQJ����6RPH�RI�WKHVH�QRQ�H[KDXVW�VRXUFHV�OLNH

VSLOODJH�DQG�VHHSDJH�DUH�PLQLPDOO\�DIIHFWHG�E\�YRODWLOLW\��(DFK�RI�WKHVH�GLIIHUHQW�VRXUFHV�DUH

HVWLPDWHG�E\�WKH�8�6��(3$�XVLQJ�D�FRPSXWHU�PRGHO�FDOOHG�02%,/(��WKH�$5%�PRGHO�LV

(0)$&���7KH�$5%�IXUWKHU�GLYLGHV�H[KDXVW�HPLVVLRQV�LQWR�VWDUWLQJ�DQG�UXQQLQJ�SDUWV��(DFK�RI

WKHVH�HPLVVLRQV�FDWHJRULHV�FDQ�UHVSRQG�GLIIHUHQWO\�WR�HLWKHU�WKH�R[\JHQ�RU�WKH�YRODWLOLW\

GLIIHUHQFHV�EHWZHHQ�HWKDQRO�DQG�07%(���0RUHRYHU��WKH�VSHFWUXP�RI�92&
V�DVVRFLDWHG�ZLWK�HDFK

YHKLFOH�HPLVVLRQV�VRXUFH�DUH�QRW�RQO\�GLIIHUHQW�IRU�HDFK�JDVROLQH��WKH�UHVSRQVHV�WR�HWKDQRO�DQG

07%(�FDQ�DOVR�YDU\���0RUHRYHU��WKH�UHVSRQVH�WR�FKDQJHV�LQ�IXHO�FRPSRVLWLRQ�IRU�ERWK�WKH�PDVV

DQG�WKH�92&�VSHFWUXP�RI�HDFK�VRXUFH�FDQ�GHSHQG�RQ�SDUDPHWHUV�VXFK�DV�FRQWURO�WHFKQRORJ\�

PDLQWHQDQFH��WDPSHULQJ��WHPSHUDWXUH��DQG�VSHHG���)RU�H[DPSOH��92&
V�IURP�WKH�WDLOSLSH

FRQWDLQ�LQWHUPHGLDWH�FRPEXVWLRQ�SURGXFWV�VXFK�DV�ROHILQV�DQG�DOGHK\GHV�QRW�IRXQG�LQ�WKH

RULJLQDO�IXHO��SOXV�VRPH�XQEXUQHG�JDVROLQH�LWVHOI��DOO�RI�ZKLFK�KDYH�EHHQ�IXUWKHU�PRGLILHG��L�H��

UHGXFHG�RU�DOWHUHG�LQ�YDU\LQJ�DPRXQWV�E\�WKH�FDWDO\VW�LQ�WKH�LQGLYLGXDO�RQERDUG�HPLVVLRQV

FRQWURO�V\VWHP���

(YDSRUDWLYH��RU�WKH�VXP�RI�WKH�ILYH�QRQ�H[KDXVW��HPLVVLRQV�ZLOO�KDYH�YLUWXDOO\�QR�FRPEXVWLRQ�

UHODWHG�92&��RU�&2�RU�12
[
�HLWKHU���VR�WKH�QRQ�H[KDXVW�92&�HPLVVLRQV�ZLOO�GHSHQG�KHDYLO\�RQ

WKH�IXHO�FRPSRVLWLRQ�DQG�YRODWLOLW\�FKDUDFWHULVWLFV���6LQFH�WKH�YDULRXV�QRQ�H[KDXVW�HPLVVLRQV

RFFXU�RYHU�GLIIHUHQW�WHPSHUDWXUH�UDQJHV��H�J���UHIXHOLQJ�HPLVVLRQV�IURP�UHODWLYHO\�FRRO�JDVROLQH

WKDW�KDG�EH�VWRUHG�XQGHUJURXQG�YHUVXV�KRW�VRDN�HPLVVLRQV�DIWHU�D�GULYH���WKH�GLVWLOODWLRQ�OLNH

HIIHFWV�RI�IXHO�YRODWLOLW\�ZLOO�UHOHDVH�GLIIHUHQW�JURXSV�RI�PROHFXOHV�GHSHQGLQJ�RQ�WKHLU�LQGLYLGXDO

ERLOLQJ�SRLQWV�DQG�YDSRU�SUHVVXUH�HIIHFWV��

)XHO�YRODWLOLW\�LV�PRVW�RIWHQ�FKDUDFWHUL]HG�E\�5HLG�YDSRU�SUHVVXUH��593���WKH�SUHVVXUH�LQ

SRXQGV�SHU�VTXDUH�LQFK��SVL��RI�JDVROLQH�DW�D�WHPSHUDWXUH�RI����()���$GGLQJ�D�ORZ�ERLOLQJ

�KLJKO\�YRODWLOH��PROHFXOH�OLNH�LVRSHQWDQH�ZLOO�UDLVH�593��ZKLOH�PDNLQJ�JDVROLQH�ZLWK�OHVV

LVRSHQWDQH�RU�RWKHU�KLJKO\�YRODWLOH�PROHFXOHV�ZLOO�UHGXFH�593���:KDW�PDNHV�WKH�YDULRXV

WHPSHUDWXUH�FKDUDFWHULVWLFV�RI�QRQ�H[KDXVW�HPLVVLRQV�DQG�WKH�YRODWLOLW\�FKDUDFWHULVWLFV�RI

JDVROLQH�VR�LPSRUWDQW�LV�WKH�IDFW�WKDW�WKH�KLJKO\�YRODWLOH�FRPSRQHQWV�OLNH�EXWDQH�DQG�RWKHU�OLJKW
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SDUDIILQV�DUH�JHQHUDOO\�PXFK�OHVV�SKRWRFKHPLFDOO\�UHDFWLYH�WRZDUGV�R]RQH�IRUPDWLRQ�WKDQ�WKH

ORZ�YRODWLOLW\�KHDY\�FRPSRQHQWV�RI�JDVROLQH�OLNH�[\OHQHV�DQG�WUL�PHWK\O�EHQ]HQHV�

7KH�H[KDXVW�HPLVVLRQV�DUH�&2��12
[
�DQG�D�FRPSOH[�PL[WXUH�RI�GLIIHUHQW�92&��EXW�LW�LV

LPSRUWDQW�WR�QRWH�WKDW�H[KDXVW�92&�PL[WXUHV�DV�D�ZKROH�DUH�PRUH�SKRWRFKHPLFDOO\�UHDFWLYH��RQ

D�SHU�XQLW�ZHLJKW�EDVLV��WRZDUGV�R]RQH�IRUPDWLRQ�WKDQ�DUH�DQ\�QRQ�H[KDXVW�92&�HPLVVLRQV

FDWHJRULHV���1RQ�H[KDXVW�HPLVVLRQV�QHYHUWKHOHVV��FDQ�VWLOO�YDU\�LQ�UHDFWLYLW\�DV�IXHOV�DUH�DGMXVWHG

IRU�593�RU�DV�WKH�ORFDO�WHPSHUDWXUHV�DQG�GULYLQJ�FKDUDFWHULVWLFV��H�J���VSHHG�DQG�QXPEHU�RI�KRW

VRDNV��YDU\���7KH�WRWDO�PDVV�RI�H[KDXVW�HPLVVLRQV�DQG�WKH�WRWDO�PDVV�RI�QRQ�H[KDXVW�HPLVVLRQV

DUH�HDFK�DOVR�VXEMHFW�WR�VHSDUDWH�FRQWURO�UHJXODWLRQV��GULYLQJ�FKDUDFWHULVWLFV�DQG�IXHO

IRUPXODWLRQV�

:K\�9HKLFOH�0DVV�(PLVVLRQV�'LIIHU�IURP�8VLQJ�(WKDQRO�%OHQGV�,QVWHDG�RI�07%(�*DVROLQH

7KH�SUHVHQFH�RI�R[\JHQ�LQ�WKH�IXHO�WHQGV�WR�UDLVH�WKH�HIIHFWLYH�DLU�WR�IXHO�UDWLR�IRU�FRPEXVWLRQ�

7KHUH�PD\�DOVR�EH�D�VSHFLDO�LPSDFW�IURP�IXHO�R[\JHQ�RQ�FDWDO\VW�HIILFLHQF\�EHFDXVH�VWXGLHV�KDYH

VKRZQ�JUHDWHU�UHGXFWLRQV�RI�&2�DQG�92&�DW�WKH�WDLOSLSH�WKDQ�LQ�WKH�H[KDXVW�PDQLIROG��VHH�6$(

3DSHU�1R�����������(PLVVLRQV�RI�FDUERQ�PRQR[LGH�DQG�YRODWLOH�RUJDQLF�FRPSRXQGV�W\SLFDOO\

GHFUHDVH�ZKLOH�12
[
�HPLVVLRQV�VRPHWLPHV�LQFUHDVH�DV�WKH�DLU�WR�IXHO�UDWLR�LQFUHDVHV���12

[

HPLVVLRQV�DUH�PRUH�FRPSOLFDWHG�EHFDXVH�WKH\�PD\�DFWXDOO\�EH�PRUH�UHODWHG�WR�WKH�W\SH�DQG�VWDWH

RI�WKH�HPLVVLRQV�FRQWURO�V\VWHP��6HH�6$(�3DSHU�1R����������WKDQ�WR�WKH�QHW�FRPEXVWLRQ

WHPSHUDWXUH���$OVR�WKH�FRPEXVWLRQ�WHPSHUDWXUH�RI�IXHO�FRPSRQHQWV�OLNH�HWKDQRO�KDYH�D�ORZHU

FRPEXVWLRQ�WHPSHUDWXUH�WKDQ�WKH�K\GURFDUERQV�LQ�JDVROLQH���:KLOH�WKH�R[\JHQ�LQ�HWKDQRO�FDQ

UDLVH�WKH�DLU�WR�IXHO�UDWLR�ZKLFK�PD\�LQFUHDVH�FRPEXVWLRQ�WHPSHUDWXUH��WKH�ORZHU�WHPSHUDWXUH�RI

FRPEXVWLRQ�IRU�HWKDQRO�PLWLJDWHV�WKLV�HIIHFW���$OVR�WKH�GLOXWLRQ�DQG�RFWDQH�HTXLYDOHQW�HIIHFWV

IXUWKHU�FRPSOLFDWH�WKH�QHW�FRPEXVWLRQ�WHPSHUDWXUHV�WKDW�PD\�DIIHFW�12
[
�HPLVVLRQV�

$OWKRXJK�WKH�QHZHVW�HPLVVLRQV�FRQWURO�V\VWHPV�KDYH�R[\JHQ�VHQVRUV�LQ�WKH�WDLOSLSH�WR�DGMXVW�WKH

DLU�WR�IXHO�UDWLR��SDUW�RI�WKH�FROG�VWDUW�SKDVH�DQG�VRPH�KHDY\�DFFHOHUDWLRQ�FRQGLWLRQV�PD\�QRW�EH

FRQWUROOHG�E\�WKHVH�R[\JHQ�VHQVRUV���%RWK�WKH�FROG�VWDUW�SKDVH�DQG�KHDY\�DFFHOHUDWLRQ�DUH

SHULRGV�RI�KLJK�HPLVVLRQV���+HQFH��WKH�R[\JHQ�LQ�HWKDQRO�FDQ�EH�H[SHFWHG�WR�UHGXFH�&2�DQG�92&

HPLVVLRQV�GXULQJ�WKHVH�KLJK�HPLVVLRQV�FRQGLWLRQV�LQ�QHZ�YHKLFOHV�DQG�GXULQJ�DOO�FRQGLWLRQV�IRU

YHKLFOHV�WKDW�GR�QRW�KDYH�RSHUDWLRQDO�R[\JHQ�VHQVRUV�RU�FDWDO\VWV�

7KH�FKHPLFDO�FRPEXVWLRQ�HIIHFWV�DUH�DOVR�LQWHUUHODWHG�WR�WKH�SK\VLFDO�YRODWLOLW\�HIIHFWV�WKURXJK

WKH�RQ�ERDUG�HTXLSPHQW�GHVLJQHG�WR�FRQWURO�HYDSRUDWLYH�HPLVVLRQV�RI�92&���$�NH\�FRPSRQHQW�RI

WKLV�HTXLSPHQW�LV�D�FDQLVWHU�ZKLFK�DEVRUEV�92&�YDSRUV�DVVRFLDWHG�ZLWK�WKH�IXHO�V\VWHP���7KH

FDQLVWHU�LV�SXUJHG�LQWR�WKH�HQJLQH�ZKHQ�D�YDFXXP�H[LVWV�LQ�WKH�LQWDNH�PDQLIROG���7KH�92&

ZKLFK�DUH�WKHQ�GHVRUEHG�GXULQJ�SXUJLQJ�DGG�WR�WKH�IXHO�FRPLQJ�IURP�WKH�IXHO�LQMHFWRUV��RU

FDUEXUHWRUV��WR�ORZHU�WKH�DLU�WR�IXHO�UDWLR�WKDW�HQWHU�WKH�FRPEXVWLRQ�FKDPEHU���)XHO�RI�KLJKHU

YRODWLOLW\�ZLOO�DGG�PRUH�92&�ORDGLQJ�WR�WKH�FDQLVWHU�DQG��KHQFH��WHQG�WR�UHGXFH�WKH�DLU�WR�IXHO
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PL[WXUH��HVSHFLDOO\�ZKHQ�WKH�R[\JHQ�VHQVRU�LV�QRW�RSHUDWLQJ��PRUH�WKDQ�D�IXHO�RI�ORZHU�YRODWLOLW\�

�&RPSXWHU�FRQWUROV��VXFK�DV�DGDSWLYH�OHDUQLQJ��RQ�WKH�QHZHVW�YHKLFOHV�FDQ�PLWLJDWH�WKLV�HIIHFW�E\

VHQVLQJ�WKH�WHPSHUDWXUH�ZKHQ�WKH�HQJLQH�ZDV�WXUQHG�RII�DQG�WKH�WHPSHUDWXUH�ZKHQ�WKH�HQJLQH

LV�UHVWDUWHG�WR�HVWLPDWH�WKH�FROG�VWDUW�UHTXLUHPHQWV�IRU�IXHO�XQWLO�WKH�R[\JHQ�VHQVRU�WDNHV�RYHU��

7KDW�LV��WKH�IXHO�IURP�WKH�LQMHFWRUV�FDQ�EH�UHGXFHG�VR�WKDW�WKH�92&�IURP�WKH�FDQLVWHU�ZRQ
W

GULYH�WKH�DLU�WR�IXHO�UDWLR�VR�ORZ�WKDW�&2�DQG�92&�H[KDXVW�HPLVVLRQV�PLJKW�EH�LQFUHDVHG�

8VLQJ�WKH�8$0�WR�$VVHVV�WKH�,PSDFW�RI�(WKDQRO

8QGHU�WKH�&OHDQ�$LU�$FW�$PHQGPHQWV��&$$$��RI�������DUHDV�ZLWK�VHULRXV�R]RQH�SUREOHPV��OLNH

&DOLIRUQLD��DUH�UHTXLUHG�WR�GHPRQVWUDWH�DWWDLQPHQW�RI�WKH�QDWLRQDO�R]RQH�VWDQGDUG�DQG�$7KLV

DWWDLQPHQW�GHPRQVWUDWLRQ�PXVW�EH�EDVHG�RQ�SKRWRFKHPLFDO�JULG�PRGHOLQJ�#��7KH�8UEDQ�$LUVKHG

0RGHO��8$0��LV�UHFRJQL]HG�E\�ERWK�WKH�8�6��(3$�DQG�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG

�$5%��DV�D�SKRWRFKHPLFDO�JULG�PRGHO�UHFRPPHQGHG�IRU�XVH�LQ�VDWLVI\LQJ�WKH�&$$$

UHTXLUHPHQW�DQG�IRU�DVVHVVLQJ�WKH�R]RQH�LPSDFWV�RI�FKDQJHV�LQ�PDMRU�HPLVVLRQV�VRXUFHV�OLNH

PRWRU�YHKLFOHV���)RU�H[DPSOH��WKH�$5%�UHFHQWO\�XVHG�8$0�PRGHOLQJ�UHVXOWV�WR�JUDQW�92&

HTXLYDOHQF\�WR�WKH�XVH�RI�UDGLDWRUV�FRDWHG�ZLWK�DQ�(QJHOKDUG�FDWDO\VW�WKDW�UHPRYHV�R]RQH��

7KHUHIRUH��WKH�8$0�LV�D�SURSHU�WRRO�WR�DVVHVV�WKH�R]RQH�HTXLYDOHQF\�RI�XVLQJ�HWKDQRO�LQ�SODFH�RI

07%(�LQ�&DOLIRUQLD�&OHDQHU�%XUQLQJ�*DVROLQH��&%*��

6HYHUDO�VHQVLWLYLW\�VLPXODWLRQV�KDYH�EHHQ�SHUIRUPHG�XVLQJ�WKH�8$0�IRU�WKLV�HWKDQRO�HYDOXDWLRQ�

�$V�D�UXOH�HDFK�RI�WKHVH�VLPXODWLRQV�WHVWHG�WKH�LPSDFW�RI�HDFK�PRELOH�HPLVVLRQV�FDWHJRU\�E\

HOLPLQDWLQJ�LW�IURP�WKH�8$0�HPLVVLRQV�LQSXW���5HVXOWV�IURP�WKLV�VHW�RI�VHQVLWLYLW\�VFHQDULRV�FDQ

WKHQ�EH�FRPELQHG�XVLQJ�DOWHUQDWLYH�DVVXPSWLRQV�WR�SUHGLFW�WKH�UHVXOWV�RI�HWKDQRO�VFHQDULRV�

7KH�EDVH�VLPXODWLRQ�FRPHV�IURP�WKH������$LU�4XDOLW\�0DQDJHPHQW�3ODQ��$403��DYDLODEOH�RQ

WKH�LQWHUQHW�DW�KWWS���ZZZ�DTPG�JRY�DTPS���DTPS���7KH�PDLQ�LQIRUPDWLRQ�RQ�WKH�XVH�RI�WKH

8$0�LQ�WKH�$403�FDQ�EH�IRXQG�LQ�$SSHQGL[����&KDSWHU���RI�WKH�$403�GRFXPHQWDWLRQ���7KH

VLPXODWLRQV�UHSRUWHG�KHUH�XVH�WKH�VDPH�LQSXW�ILOHV��RU�LQSXW�ILOH�SUHSDUDWLRQ�VRIWZDUH��DV�ZHUH

XVHG�LQ�WKH�$403�IRU�WKH�FRQWURO�VLPXODWLRQV�IRU�WKH�\HDU������EDVHG�RQ�WKH�PHWHRURORJLFDO

HSLVRGH�RQ�WKH���WK�DQG���WK�RI�$XJXVW������

%HVLGHV�SURYLGLQJ�LQIRUPDWLRQ�XVHIXO�WR�HYDOXDWLQJ�WKH�XVH�RI�HWKDQRO��WKHVH�VHQVLWLYLW\

VLPXODWLRQV�LOOXVWUDWH�WKH�UHODWLYH�LPSRUWDQFH�RI�WKH�YDULRXV�SDUWV�RI�WKH�JDVROLQH�UHODWHG�PRELOH

HPLVVLRQV�LQYHQWRU\���)RU�WKH�PRVW�SDUW�WKHVH�VLPXODWLRQ�VFHQDULRV�LQYROYH�VHWWLQJ�D�SDUWLFXODU

SDUW�RI�WKH�JDVROLQH�UHODWHG�LQYHQWRU\�WR�]HUR���)RU�FDUERQ�PRQR[LGH��&2���WZR�VHQVLWLYLW\

VLPXODWLRQV�ZHUH�SHUIRUPHG�WR�EUDFNHW�WKH�LPSDFW�RI�JDVROLQH�UHODWHG�&2�HPLVVLRQV���)RU�RQH

&2�VFHQDULR�WKH�FKHPLVWU\�RI�&2�ZDV�WRWDOO\�HOLPLQDWHG�DQG�IRU�WKH�RWKHU�WKH�JDVROLQH�UHODWHG

HPLVVLRQV�ZHUH�VHW�WR�]HUR���7KH�IRUPHU�LQFOXGHV�QRQ�JDVROLQH�UHODWHG�HPLVVLRQV��VHFRQGDU\�&2

IURP�92&��FDUU\�RYHU�IURP�SUHYLRXV�GD\V��SOXV�LQLWLDO�DQG�ERXQGDU\�FRQGLWLRQV���7KH�ODWWHU

LQYROYHV�RQO\�JDVROLQH�UHODWHG�HPLVVLRQV��7KH�DFWXDO�LPSDFW�RI�VXFK�HPLVVLRQV�ZRXOG�EH�H[SHFWHG
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WR�IDOO�VRPHZKHUH�EHWZHHQ�WKHVH�VLPXODWLRQV�EHFDXVH�WKH�HPLVVLRQV�ZRXOG�DIIHFW�LQLWLDO�DQG

ERXQGDU\�FRQGLWLRQV�RYHU�D�SHULRG�RI�VHYHUDO�GD\V�GXH�WR�WKH�PRQWK�ORQJ�DWPRVSKHULF�OLIHWLPH�RI

&2�FRPSDUHG�WR�WKH�GD\�ORQJ�OLIHWLPHV�RI�XUEDQ�92&��

$�SRWHQWLDO�XSGDWH�WR�WKH�$403�LV�LQFOXGHG�DV�D�VHQVLWLYLW\�VFHQDULR�WKDW�XVHV�D�QHZHU�UXQQLQJ�

H[KDXVW�SURILOH��������VXSSOLHG�E\�3��$OOHQ�RI�WKH�$5%��7KH�RULJLQDO�$403�SURILOH�KDG���

SHUFHQW�PHWKDQH��WKH�QHZ�SURILOH�KDV����SHUFHQW�PHWKDQH��DQG�IRU�UHIHUHQFH�WKH�&DOGHFRWW

WXQQHO�GDWD�VKRZ�����SHUFHQW�PHWKDQH��7KH�QHZHU�SURILOH��������UHVXOWHG�IURP�D�VSHFLDO�$5%

ZRUNVKRS�WKLV�SDVW�VXPPHU�

7KH�UHVXOWV�RI�WKH�8$0�VHQVLWLYLW\�UXQV�DUH�JLYHQ�LQ�7DEOHV���DQG�����1R���KRXU�UHVXOWV�ZHUH

SDUW�RI�WKH�$403��EXW�WKH\�DUH�LQFOXGHG�KHUH�WR�EH�XVHG�DV�D�JXLGH�IRU�SRWHQWLDO�LPSDFWV�WR�WKH

QHZ�R]RQH�VWDQGDUG����$OO�UHVXOWV�LQ�7DEOH���FRPH�IURP�WKH�KLJKHVW�VLPXODWHG�FRQFHQWUDWLRQ�LQ

WKH�8$0�IRU�HDFK�GD\���,PSDFWV�DUH�JLYHQ�IRU�VLQJOH�FHOOV�DQG�LQ�JHQHUDO�VXFK�FHOOV�GR�QRW

FRUUHVSRQG�WR�WKH�FHOOV�WKDW�KDYH�WKH�KLJKHVW�WRWDO�R]RQH�FRQFHQWUDWLRQ���7R�REWDLQ�LPSDFWV�DW

WKH�KLJKHVW�R]RQH�FRQFHQWUDWLRQ�RQH�PXVW�VXEWUDFW�WKH�DSSURSULDWH�EDVH�FDVH�YDOXH�VKRZQ��IRU

FRQYHQLHQFH�7DEOH���SUHVHQWV�WKH�LPSDFWV�IRU�WKH����$XJXVW�GD\�SHDN�FRQFHQWUDWLRQV�

7DEOH�������+RXU�0D[LPXP�2]RQH��SSE��5HVXOWV�RI�8$0�6LPXODWLRQV�

6FHQDULR $XJXVW

��WK

+LJKHVW

,PSDFW

/RZHVW

,PSDFW

$XJXVW

��WK

+LJKHVW

,PSDFW

/RZHVW

,PSDFW

%DVH ����� �����

����12

[

����� ���� ���� ����� ���� �����

&2�&KHP ����� ���� ����� ����� ���� �����

&2

(PLVV�

����� ���� ���� ����� ���� ����

5XQ�(YDS ����� ���� ���� ����� ���� ����

+RW�6RDN ����� ���� ���� ����� ���� ����

'LXUQDO ����� ���� ���� ����� ���� ����

92&�6WUW ����� ���� ����� ����� ���� �����

92&�5Q ����� ���� ���� ����� ���� �����

5Q�6SHF� ����� ���� ���� ����� ����� ����

�����������������������������������������������
1
�%HFDXVH VRPH FRQFHUQ KDV EHHQ H[SUHVVHG RYHU WKH XVH RI WKH VWDQGDUG 8$0�,9 IRU ��KRXU R]RQH FRQFHQWUDWLRQV

WKDW LQFOXGH GDUNQHVV� WKH ��KRXU SHULRG EHWZHHQ QRRQ DQG � SP 3'7 KDV EHHQ XVHG KHUH� &RPSDULVRQV ZLWK

PD[LPXP YDOXHV DW DQ\ KRXU VKRZ WKDW IRU WKH �� $XJXVW GD\ WKHUH DUH YHU\ VPDOO GLIIHUHQFHV� $ PRUH UHFHQW

YHUVLRQ RI WKH 8$0 �8$0�9 DV XVHG LQ 27$*� LQFOXGHV D VSHFLDO OD\HU DW JURXQG OHYHO DQG LPSURYHG VXUIDFH

HIIHFWV WKDW FRPELQH WR HQKDQFH WKH DFFXUDF\ RI VLPXODWHG R]RQH FRQFHQWUDWLRQV GXULQJ GDUNQHVV�
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7DEOH�������+RXU�0D[LPXP�2]RQH��SSE��5HVXOWV�RI�8$0�6LPXODWLRQV���%HFDXVH�WKHUH�KDYH

EHHQ�TXHVWLRQV�DERXW�WKH�8$0�,9�HYHQLQJ�R]RQH�YDOXHV��WKH���KRXU�YDOXHV�XVHG�KHUH�DUH�DOO

QRRQ�WR������3'7�

6FHQDULR $XJXVW

��WK

+LJKHVW

,PSDFW

/RZHVW

,PSDFW

$XJXVW

��WK

+LJKHVW

,PSDFW

/RZHVW

,PSDFW

%DVH ����� �����

����12

[

����� ���� ���� ����� ���� ����

&2�&KHP ����� ���� ����� ����� ���� �����

&2�(PLVV ����� ���� ���� ����� ���� ����

5XQ�(YDS ����� ���� ���� ����� ���� ����

+RW�6RDN ����� ���� ���� ����� ���� ����

'LXUQDO ����� ���� ���� ����� ���� ����

92&�6WUW ����� ���� ���� ����� ���� �����

92&�5Q ����� ���� ���� ����� ���� ����

5Q�6SHF� ����� ���� ���� ����� ���� ����

7DEOH�����7KH�LPSRUWDQW�SHDN�LPSDFWV�IRU�WKH����$XJXVW�GD\�WR�EH�XVHG�LQ�WKH�HWKDQRO

DVVHVVPHQW��7KHVH�DUH�REWDLQHG�LQ�HDFK�FDVH�E\�VXEWUDFWLQJ�WKH�DSSURSULDWH�EDVH�VLPXODWLRQ

YDOXHV��������SSE�IRU�WKH���KRXU�DQG�������SSE�IRU�WKH���KRXU��UHVSHFWLYHO\��VKRZQ�LQ�7DEOHV��

DQG���

6FHQDULR $XJXVW���WK���KRXU $XJXVW���WK���KRXU

����12[ ���� ����

&2�&KHP ������������IRU����� ������������IRU�����

&2�(PLVV ���� ����

5XQ�(YDS ���� ����

+RW�6RDN ���� ����

'LXUQDO ���� ����

92&�6WUW ���� ����

92&�5Q ���� ����

5Q�6SHF� ���� ����
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(WKDQRO�,PSDFWV

8VLQJ�WKH�UHVXOWV�IURP�7DEOH���DQG�YDULRXV�DVVXPSWLRQV�DERXW�VXEVWLWXWLQJ�HWKDQRO�IRU�07%(

LQ�&%*�RQH�FDQ�HVWLPDWH�WKH�QHW�LPSDFWV�RQ�R]RQH�SUHGLFWHG�IRU�D�8$0�VLPXODWLRQ�WKDW�PLJKW

DFWXDOO\�XVH�WKH�VDPH�VHW�RI�DVVXPSWLRQV���,W�VKRXOG�EH�QRWHG�EHIRUH�FRPELQLQJ�WKH�8$0�UHVXOWV

WKDW�JDVROLQH�UHODWHG�&2�HPLVVLRQV�DUH�RQO\����SHUFHQW�RI�WKH�WRWDO�&2�HPLVVLRQV�DV�VHHQ�LQ�WKH

$403�HPLVVLRQV�LQYHQWRU\�

8VLQJ�WKH�92&�DQG�PRELOH�&2�LPSDFWV��DQG�WKH�QHZ�SURILOH��WKH�HQWLUH�FRPELQHG�JDVROLQH�

UHODWHG�PRELOH�FRQWULEXWLRQ�WR�SHDN�LPSDFWV�RQ�WKH�$XJXVW����GD\�DUH�����������DQG����������

SSE��IRU�WKH���KRXU�DQG���KRXU�SHDNV��UHVSHFWLYHO\���7KH�UDQJHV�VKRZQ�KHUH�DUH�GXH�WR�WKH

EUDFNHWLQJ�RI�WKH�&2�LPSDFWV���$OWKRXJK�WKH�WDEOHV�LQGLFDWH�WKDW�FKDQJHV�LQ�12
[
�RI�XS�WR���

SHUFHQW�RI�WKH�JDVROLQH�UHODWHG�IOHHW�VKRZ�PL[HG�DQG�IDLUO\�VPDOO�LPSDFWV��WKH�HQWLUH�IOHHW�12
[

LPSDFW�LV�FRQVLGHUHG�WR�EH�WRR�VHYHUH�DQG�QRQ�OLQHDU�WR�EH�LQFOXGHG�KHUH�

7KH�H[KDXVW�LPSDFW�RI�XVLQJ�HWKDQRO�LQ�SODFH�RI�07%(�FDQ�EH�HVWLPDWHG�XVLQJ�WKH�3UHGLFWLYH

0RGHO���7KH�3UHGLFWLYH�0RGHO�LV�EDVHG�RQ�RYHU������GDWD�SRLQWV�IURP�D�ZLGH�UDQJH�RI�IXHO

HIIHFWV�FRYHULQJ�D�EURDG�UDQJH�RI�PRGHO�\HDU�DQG�HPLVVLRQV�OHYHOV���7KH�QHZ�$5%�WHVW�GDWD�

DOWKRXJK�GLUHFWHG�DW�WKH�07%(�WR�HWKDQRO�VXEVWLWXWLRQ��LQ�UHDOLW\�SURYLGH�RQO\����QHZ�GDWD

SRLQWV�WR�WKH�H[LVWLQJ������GDWD�SRLQW�EDVH�RQ�WKH�PDVV�HPLVVLRQV�LPSDFWV�UHODWHG�WR�FKDQJLQJ

IXHO�SDUDPHWHUV���0RUHRYHU��WKH�QHZ�GDWD�UHODWH�RQO\�WR�ORZ�HPLWWLQJ�YHKLFOHV�LQ�WKH����������

PRGHO�\HDU�UDQJH���7KH�3UHGLFWLYH�0RGHO�GDWDEDVH�FRQWDLQV�HDUOLHU�PRGHO�\HDU�LQIRUPDWLRQ�DQG

VRPH�KLJKHU�HPLWWLQJ�YHKLFOHV���7KH���YHKLFOH�IOHHW�LQ�WKH�QHZ�$5%�GDWD�KDV�EHHQ�HVWLPDWHG�WR

UHSUHVHQW�OHVV�WKDQ����SHUFHQW�RI�WKH�RYHUDOO������PRELOH�92&�HPLVVLRQV���+RZHYHU��WKH�HWKDQRO

DQG�07%(�IXHOV�XVHG�LQ�WKH�QHZ����YHKLFOH�WHVWV�FDQ�EH�UHSUHVHQWDWLYH�RI�VXEVWLWXWLQJ�HWKDQRO

IRU�07%(�LQ�&%*�RQ�D�YROXPH�EDVLV�

8VLQJ�WKH�VSHFLILFDWLRQV�RI�WKH�WZR�IXHOV�LQ�$5%����YHKLFOH�WHVWV��WKH�&DOLIRUQLD�3UHGLFWLYH

0RGHO�LQGLFDWHV�D�����UHGXFWLRQ�LQ�H[KDXVW�RUJDQLF�HPLVVLRQV���,W�VKRXOG�EH�QRWHG�WKDW�D

UHJUHVVLRQ�DQDO\VHV�E\�6$,�LQGLFDWHV�WKDW�WKH�R[\JHQ�LPSDFW�LQ�WKH�3UHGLFWLYH�0RGHO�PD\�EH

XQGHU�UHSUHVHQWHG�GXH�WR�WKH�ODFN�RI�D�VHSDUDWH�VWDWLVWLFDO�WUHDWPHQW�IRU�DERYH�QRUPDO��L�H�

DERYH�����PJ�PL��HPLWWLQJ�YHKLFOHV���7KDW�LV��WKH�����SHUFHQW�UHGXFWLRQ�VHHQ�LQ�WKH�H[LVWLQJ

3UHGLFWLYH�0RGHO�PD\�XQGHU�SUHGLFW�WKH�HWKDQRO�LPSDFW�WKDW�FRXOG�EH�VXSSRUWHG�E\�WKH�VDPH

�����GDWD�SRLQW�GDWDEDVH�

$Q�DFFHSWHG�FUHGLW�IRU�&2�UHGXFWLRQ�GXH�WR�R[\JHQ�LV���SHUFHQW�SHU�SHUFHQW�IXHO�R[\JHQ��VHH

,QWHUDJHQF\�$VVHVVPHQW�RI�2[\JHQDWHG�)XHOV��2IILFH�RI�6FLHQFH�DQG�7HFKQRORJ\�3ROLF\���������

7KLV�LV�KDOI�WKH�LPSDFW�VHHQ�LQ�WKH�&DOGHFRWW�7XQQHO�GDWD�SXEOLVKHG�E\�.LUFKVWHWWHU�HW�DO��LQ

������(QYLURQPHQWDO�6FLHQFH�	�7HFKQRORJ\��9RO������SDJHV������������6LQFH�WKH�$5% V�DQDO\VLV

RI�WKH�HWKDQRO�EOHQG�VKRZHG������SHUFHQW�R[\JHQ�FRPSDUHG�WR�RQO\������LQ�WKH�07%(��WKH
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HWKDQRO�&2�UHGXFWLRQ�FUHGLW�ZRXOG�EH�>��WLPHV�������%������@������SHUFHQW���7KH�$5%�DQDO\VLV

RI�WKH�QHZ����YHKLFOH�GDWD�VKRZV�D�VLPLODU�LPSDFW�RI����SHUFHQW�

7KH�$5%�UHFHQWO\�GLVWULEXWHG�DQ�HYDSRUDWLYH�PRGHO�GXULQJ�WKH�&%*�$IOH[LELOLW\#�ZRUNVKRSV�WKLV

SDVW�\HDU���7KLV�PRGHO�LQGLFDWHV�WKDW�WKH�WKUHH�SDUWV�RI�HYDSRUDWLYH�HPLVVLRQV�LQFUHDVH�E\�WKH

IROORZLQJ�SHUFHQWDJHV�IRU�D���SVL�593�LQFUHDVH�IURP���SVL��IRU�GLXUQDO�WKH�LQFUHDVH�SUHGLFWHG�LV

�����SHUFHQW��IRU�KRW�VRDN�WKH�PRGHO�SUHGLFWV�D������SHUFHQW�LQFUHDVH��DQG�IRU�UXQQLQJ�ORVVHV�LW

SUHGLFWV�DQ�LQFUHDVH�RI������SHUFHQW����$OVR�D�VWDWLVWLFDOO\�VLJQLILFDQW����SHUFHQW�UHDFWLYLW\�FUHGLW

IRU�HWKDQRO�LQ�KRW�VRDN�ZDV�REVHUYHG�LQ�WKH�VL[�YHKLFOHV�WHVWHG�UHFHQWO\�E\�WKH�$5%��

$GGLWLRQDOO\��WKH�$403�DQG�WKH�$5%�XVH�LGHQWLFDO�UHDFWLYLW\�SURILOHV�IRU�KRW�VRDN�DQG�UXQQLQJ

ORVVHV��VR�WKH����SHUFHQW�FUHGLW�IRU�HWKDQRO�FRXOG�SUHVXPDEO\�EH�DSSOLHG�WR�UXQQLQJ�ORVV

HPLVVLRQV�DV�ZHOO�

7DEOH�����0DVV�LPSDFWV�GXH�WR�XVH�RI����SHUFHQW�HWKDQRO�LQ�SODFH�RI����SHUFHQW�07%(�ZLWK

VDPH�&%*�UHDG\�EDVH�JDVROLQH�

6RXUFH�&DWHJRU\ 1HW�0DVV

,PSDFW

6RXUFH

&DUERQ�0RQR[LGH ����� 2673�UHSRUW�SOXV�RWKHUV

5XQ�(YDS�92& ������������ (YDS�PRGHO��ZLWK�����0,5�FUHGLW�

+RW�6RDN�92& ������������ (YDS�PRGHO��ZLWK�����0,5�FUHGLW�

'LXUQDO�92& ����� (YDS�PRGHO

92&�6WUW ���� 3UHGLFWLYH�0RGHO

92&�5Q ���� 3UHGLFWLYH�0RGHO

5Q�6SHF� ���� 3UHGLFWLYH�0RGHO

7KH�PDVV�LPSDFWV�DUH�SUHVHQWHG�LQ�7DEOH���DQG�FDQ�EH�VXPPDUL]HG�DV�IROORZV���IRU�H[KDXVW

92&�WKH�3UHGLFWLYH�0RGHO�JLYHV�D�����SHUFHQW�UHGXFWLRQ��IRU�&2�D������SHUFHQW�UHGXFWLRQ��IRU

GLXUQDO�D������SHUFHQW�LQFUHDVH��IRU�KRW�VRDN�D������SHUFHQW�LQFUHDVH��DQG�IRU�UXQQLQJ�ORVVHV�D

�����SHUFHQW�LQFUHDVH���5HDFWLYLW\�FUHGLWV�LQFOXGH����SHUFHQW�HDFK�IRU�KRW�VRDN�DQG�UXQQLQJ

ORVVHV��7KHVH�PDVV�LPSDFWV�FDQ�WKHQ�EH�FRPELQHG�XVLQJ�WKH�YDOXHV�VKRZQ�LQ�7DEOH����

7KH�LQLWLDO�UHVXOWV�LQGLFDWH�WKDW�D���SVL�ZDLYHU�PLJKW�LQFUHDVH�R]RQH�E\���������SSE�DQG�E\�����

����IRU�WKH���KRXU�DQG���KRXU�SHDNV��UHVSHFWLYHO\��IRU�D�$XJXVW����$403�VLPXODWLRQ���6LQFH�WKH

WRWDO�IOHHW�92&�DQG�&2�LPSDFWV�DUH�����������DQG�����������SSE�IRU�WKH����DQG���KRXU�SHDNV�

WKHVH�HWKDQRO�LPSDFWV�DUH�HVWLPDWHG�WR�EH�DERXW�����SHUFHQW�RI�WKH�R]RQH�DWWULEXWDEOH�WR

JDVROLQH�UHODWHG�92&�DQG�&2�VRXUFHV�

,I�WKH�KRW�VRDN��DQG�UXQQLQJ�ORVVHV��UHDFWLYLW\�FUHGLW�VKRZQ�LQ�WKH�$5%�WHVWV�LV�WDNHQ��WKHQ�WKH

LPSDFWV�EHFRPH�%����WR�]HUR�SSE�IRU�HLWKHU�WKH���KRXU�RU�WKH���KRXU�SHDNV���7KDW�LV��WKH�IXOO��
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SVL�ZDLYHU�ZRXOG�EH�MXVWLILHG���,I�LQVWHDG�RI�D�UHDFWLYLW\�FUHGLW�WKH�ZDLYHU�ZHUH�UHGXFHG�WR�����SVL�

WKHQ�WKH�UHVXOWV�PLJKW�DOVR�EH�LQWHUSUHWHG�WR�VKRZ�HVVHQWLDOO\�HTXDO�R]RQH�EHWZHHQ�WKH�07%(

DQG�HWKDQRO�EOHQG���,I�VRPH�H[WUD�FUHGLW�ZHUH�JLYHQ�IRU�KLJKHU�HPLWWLQJ�YHKLFOHV��EXW�QRW�WKH

REVHUYHG�HYDSRUDWLYH�UHDFWLYLW\�FUHGLW���D�ZDLYHU�FORVHU�WR�D�IXOO���SVL�PLJKW�DOVR�EH�VLPXODWHG��

)RU�H[DPSOH��LI�WKH�H[KDXVW�92&�UHGXFWLRQ�IRU�HWKDQRO�ZHUH�LQFUHDVHG�IURP�WKH�3UHGLFWLYH

0RGHO�YDOXH�RI�����SHUFHQW�WR�DERXW�����SHUFHQW�ZLWK�KLJKHU�HPLWWHUV��DQG�WKH�&2�UHGXFWLRQ�RI

�����SHUFHQW�HVWLPDWHG�DERYH�ZHUH�LQFUHDVHG�WR���SHUFHQW��WKHQ�D�ZDLYHU�QHDU�����SVL�PLJKW�EH

MXVWLILHG�


